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1. Introduction
  The bone grafting fusion is one of common surgical 
procedures in the treatment of spinal diseases[1]. Generally 
speaking, the spinal fusion can be divided into the 
posterolateral fusion, posterior interbody fusion and anterior 
interbody fusion[2]. The former one is always adopted in 
the lumbar spinal surgery. As the spinal surgery mainly 
destroys the stability of joints, the reconstruction of spinal 
stability is of critical importance for the post-operative 
recovery of spinal function[3]. The rigid internal fixation and 
spinal fusion complement each other, showing the close 
relationship with the success of lumbar spinal surgery[4]. 
It is a thorny problem how to promote the favorable fusion 
of bone grafting area in the field of spinal treatment. 
This study adopted the model of the rabbit’s lumbar 
posterolateral fusion to observe the effect of low-intensity 
pulsed ultrasound (LIPUS) on the autogenous bone grafting 
fusion. It thus discussed the effect of LIPUS on the rabbit’s 
posterolateral lumbar fusion. Results are shown as follows.
Objective: To observe the effect of low-intensity pulsed ultrasound in the posterolateral lumbar 
fusion of rabbit. Methods: A total of 48 New Zealand white rabbits were randomly divided into 
the observation group and control group, including the autogenous iliac observation group, 
artificial bone observation group, artificial bone control group and autogenous iliac control group 
according to the different bone grafting. The posterolateral lumbar fusion of rabbits in each group 
was analyzed and compared. Results: After 4 weeks of treatment using the low-intensity pulsed 
ultrasound, the fusion in the bone grafting area of observation group was good. There was the 
relatively dense fusion area between the right transverse process and artificial bone. The left 
transverse process had been completely fused, with the clear bone trabecula through the fusion 
area. There was no significant fusion sign in the control group. According to the fusion comparison 
between two groups, the fusion rate of the observation group was 83.3% and it was significantly 
higher than the one of the control group (37.5%). Results of the comparison were statistically 
significant (P<0.05). The number of chondrocytes and the increase in the relative gray-scale 
in the fusion area of the iliac observation group were significantly higher than ones of the iliac 
control group (P<0.05). The number of chondrocytes and the increase in the relative gray-scale 
in the fusion area of the artificial bone observation group were significantly higher than ones 
of the artificial bone control group (P<0.05). The expression of IL-1, IL-6 and IL-17 4 weeks 
after the treatment of the observation group was significantly lower than the one of the control 
group, with the statistical significance (P<0.05). It indicated that the treatment of low-intensity 
pulsed ultrasound could reduce the expression level of inflammatory factors. Conclusions: The 
low-intensity pulsed ultrasound can significantly increase the bone grafting fusion rate of the 
rabbit’s posterolateral lumbar fusion. The possible mechanism is that it promotes the lumbar 
posterolateral endochondral ossification and reduces the inflammatory reaction.
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2. Materials and methods
2.1. Subjects
  48 New Zealand white rabbits were chosen in this study, 
with the weight of 2.0-2.8 kg individually and without any 
limitation on the gender.
2.2. Artificial bone and ultrasonic instrument
  The hydroxyapatite artificial bone was in the shape of long 
strip with 1 g per piece, where, compressive strength 曒125 
Mpa, the porosity of (50依20)%, the pore size of 200-500 毺m 
and the gap connection rate >95%. The low-intensity pulsed 
ultrasonic instrument was purchased from Smith Nephew. 
The ultrasound in the treatment parameters was sinusoidal 
pulse wave, with the frequency of 1.5 MHz, intensity of 30 
Mw/cm2, pulse width of 200 毺s and repetition frequency of 
1 KHz. 
2.3. Establishment of animal model
  Skin was prepared for experimental rabbits 3-5 days 
before the operation. Rats were pre-operative weighted and 
had intravenous anesthesia of 3% sodium pentobarbital at 
the edge of ear. After the success of anesthesia, the prone 
position operation was adopted. All rats were sterilized 
and draped. 3cm straight incision was done at the side of 
erector spine in the right. Skin was cut and was wrapped 
by fascia layer by layer. In the intermuscular space outside 
the erector spine the transverse tips of L5 and L6 was 
exposed. Blunt dissection was carried out to expose the 
transverse process of L5 and L6 and the intertransverse 
gap. The transverse periosteum was removed. The wound 
was washed with the hydrogen peroxide solution and the 
stripped artificial bone was implanted. It was stitched layer 
by layer after the operation and the incision was closed. The 
same procedure was used to expose the transverse process 
of L5 and L6 in the left. It was continued along the lower 
and posterior direction to expose the ilium. Blunt dissection 
was carried out to remove the muscle attached to the ilium. 
The ilium pieces were chose with the size of 2 cm伊1 cm 
to be implant in the intertransverse gap of L5 and L6. The 
incision was closed layer by layer. The povidone iodine was 
adopted to disinfect the incision after the operation, with the 
intragluteal injection of benzylpenicillin sodium 1.6 million 
U. Wound was dressed after the operation, and rats had 
intramuscular injection of benzylpenicillin sodium 80 UI 
time/day,  for 1 week. 
2.4. Experimental groups
  Experimental animals were randomly divided into the 
observation group and control group, including autogenous 
iliac observation group, artificial bone observation group, 
artificial bone control group and autogenous iliac control 
group according to the different bone grafting. 
2.5. Low-intensity pulsed ultrasound treatment
  The ultrasound treatment was carried out in the observation 
group 1 week after the operation. Wounds of experimental 
animals had been healed perfectly. The intravenous 
anesthesia of 1.5 mL and 3% sodium pentobarbital was 
done at the edge of ear. The ultrasonic probe of therapeutic 
instrument was put close to the skin of bone grafting fusion 
area. The ultrasonic couplant was applied between the probe 
and skin. The special device was used to fix the probe and 
the treatment was carried out, 20 min/day at each side for 
4 weeks. The placebo treatment was carried out using the 
same therapeutic instrument in the control group. 
2.6. Post-operative X-ray detection
  The lumbar was taken posterior to anterior X-ray films after 
the operation and the completion of ultrasonic detection to 
compare the change in the gray value of X-ray in the fusion 
area before and after the ultrasonic treatment. Image J was 
applied to analyze the gray value of X-ray in the fusion area 
before and after the treatment. Gray value in the fusion area/
scale gray value was equal to the relative gray-scale value. 
The scale on each X-ray film was the same. The equation 
was as follows: The gray value in the fusion area after the 
treatment/scale gray value - gray value in the fusion area 
before the treatment - scale gray value = increase in the 
relative gray-scale. 
2.7. Specimens collection and histological detection
  The euthanasia was adopted to execute animals after the 
ultrasonic treatment. After the fusion specimens of L5/6 
segments was obtained, the procedures of decalcification 
embedment and section and then HE straining were carried 
out. The ossification was observed and the chondrocytes was 
counted under the optical microscope. Six high power fields 
were counted in each fusion area. The mean equaled to the 
number of chondrocytes in such fusion area.
2.8. Double antibody sandwich ELISA detection
  Blood collection was done on all experimental animals 
before the operation, 2 weeks and 4 weeks after the 
operation. The serum was separated and stored in the 
place with the temperature of -70 曟. The double antibody 
sandwich ELISA was used to detect factors of IL-1, IL-6 and 
IL-17. 
2.9. Statistical treatment
  Fisher exact probability test was adopted using the four-
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fold table data to observe the fusion area on X-ray film. 
Two-factor two-level factorial analysis was done to analyze 
the increase in the gray scale of X-ray fusion area and the 
number of chondrocytes. Where P<0.05 it indicated the 
statistical difference.
3. Results
3.1. Comparison of X-ray results
  48 rabbits were included in this experiment. One case in 
the observation group died of the incision infection and one 
case in the control group died of the diarrhea and incision 
infection during the study. Alternative rabbits were included 
to replace those dead ones; in this way, there were 24 cases 
in each group. After 4 weeks of treatment using the low-
intensity pulsed ultrasound, the fusion in the bone grafting 
area of observation group was good. There was the relatively 
dense fusion area between the right transverse process 
and artificial bone. The left transverse process had been 
completely fused, with the clear bone trabecula through 
the fusion area. There was no significant fusion sign in the 
control group (Figure 1). 
 
Figure 1. X-ray results. 
There was no significant fusion sign in the control group (B) according 
to the comparison of X-ray results, while the bone fusion in the 
treatment group was good (A). 
3.2. Histological observation
  5 weeks after the operation, it showed a great number of 
cartilage tissues in the fusion area of treatment group, as 
well as the relatively mature fixation around the cartilage 
tissues. There were many primary bone marrow cavities and 
the structure of bone trabecula under the low power lens. 
The number of chondrocytes was relatively less in the control 
group, without any primary bone marrow cavity. Under the 
high power lens, it showed a great number of chondrocytes 
in the observation group with the clear structure of bone 
trabecula. There was only separated chondrocyte island in 
the fusion area of control group ( Figure 2). 
 
Figure 2. Results of the histological observation on the control group 
and treatment group under the high power lens 5 weeks after the 
operation. 
5 weeks after the operation under the high power lens, there was only 
separated chondrocyte island in the fusion area of control group (A), 
while there was a great number of chondrocytes in the observation 
group with the clear structure of bone trabecula (B).
3.3. Fusion comparison
  According to results of the fusion comparison between two 
groups, the fusion rate of the observation group was 83.3% 
and it was significantly higher than the one of the control 
group 37.5% (P<0.05) (Table 1).
Table 1
Fusion comparison.




Observation group 24 20 4 83.3
Control group 24 9 15 37.5
Total 48 29 19 60.4
3.4. Increase in relative gray-scale and the mean number of 
chondrocytes under high power lens between groups before 
and after the treatment
  In this study, the number of chondrocytes and the increase 
Table 2
Increase in relative gray-scale and the mean number of chondrocytes under high power lens between groups before and after the treatment. 
Group Case (n) Increase in relative gray-scale Number of chondrocytes
Iliac observation group 12 0.22依0.11   36.4依13.8
Artificial bone observation group 12 0.34依0.12   28.2依11.5
Iliac control group 12 0.12依0.05 21.6依6.7
Artificial bone control group 12 0.17依0.07 19.5依6.1
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in the relative gray-scale in the fusion area of the iliac 
observation group were significantly higher than ones of the 
iliac control group (P<0.05). The number of chondrocytes 
and the increase in the relative gray-scale in the fusion area 
of the artificial bone observation group were significantly 
higher than ones of the artificial bone control group 
(P<0.05). There was no statistical difference in the number 
of chondrocytes and the increase in the relative gray-scale 
between the artificial bone observation group and the iliac 
observation group (P>0.05) (Table 2). 
3.5. Expression of inflammatory factors IL-1, IL-6 and IL-
17 during different stages
  2 weeks after the operation of two groups, the expression 
of IL-1, IL-6 and IL-17 showed the upward tendency. 2 
weeks after the operation, the increase in the expression 
of IL-1, IL-6 and IL-17 in the control group was relatively 
higher than the one of observation group, but results had 
no statistical significant difference (P>0.05). 4 weeks after 
the operation, the expression of IL-1, IL-6 and IL-17 in the 
observation group was significantly lower than the one of 
the control group, with the statistical significant difference 
(P<0.05) (Table 3). 
4. Discussion
  The posterior spinal fusion is the most common procedure 
for the reconstruction of spinal stability. The improved 
mechanical stability after the fusion can significantly reduce 
the instability, degeneration and disorder of spine. The 
objective of spinal fusion is to maintain the mechanics and 
physiological curvature, correct the segmental instability, 
prevent and relieve the nerve pain[5,6]. The failure of spinal 
fusion is one of the most common complications in the 
spinal surgery[7]. In the treatment of spinal diseases, no 
matter the progressive anterior spinal fusion, the lumbar 
posterolateral fusion is always of importance. Many 
procedures of the fusion treatment of spinal diseases can 
be used in the reconstruction of spinal stability[8], such as 
the anterior and posterior intertransverse, interspinal and 
posterior interspinal ones. The biomechanical study shows 
that the mechanical stability provided by the intertransverse 
fusion and anterior lumbar fusion is significantly better than 
the one by the posterior interspinal fusion. Meanwhile, the 
posterolateral fusion is the best procedure to obtain the good 
segmental stability, with the slight impact on the adjacent 
segments[9]. As the complications such as the pseudarthrosis 
caused by the spinal fusion can lead to high rate of fever, 
as well as serious consequences of progressive scoliosis, 
pain and joint instability, it is one of basic objectives for the 
spinal operation to increase the bone grafting fusion rate, in 
order to obtain the solid and fast fusion[10]. 
  The ultrasound is some kind of mechanical energy that 
can be transmitted into the human body in the form of 
high-frequency sound wave. The low-intensity pulsed 
ultrasound is some kind of sonic pressure wave, which 
can make use of the effect of mechanical stimulation and 
also prevent from the damage of heat effect against the 
tissues and cells. It can assist the tissues in producing the 
microstructural tension and compression stress, leading 
to a series of biological effects to promote the generation 
and maturity of bones finally. Previous studies showed 
that the application of low-intensity pulsed ultrasound in 
the treatment of fracture healing, cartilage repairing and 
knee osteoarthritis all had the good results[13-15]. Korstjens 
et al[16] found that LIPUS could significant increase the 
content of 35S-sulfate in the extracellular matrix of cartilage 
grafts of normal and diseased joints, which could promote 
the synthesis of articular cartilage matrix. Wang et al[17] 
applied the LIPUS treatment in the rabbit’s bilateral radial 
fracture-separation model to promote the fracture healing. 
Results showed that the observation group receiving LIPUS 
treatment was significantly better in the anti-bending and 
anti-torque than the control group. It indicated that LIPUS 
could effectively promote the fracture healing, shorten the 
time of fracture healing and enhance the degree of fracture 
healing along with the increase in the time of ultrasonic 
treatment. Meanwhile, Hantes et al[18] reported that LIPUS 
could increase the mineral density of cortical bone and 
improve the transverse bending strength of osteotomy 
model. In this study, it found that, after LIPUS treatment, the 
fusion rate of the observation group was 83.3% and it was 
significantly higher than the one of the control group (37.5%). 
Results of the comparison were statistically significant 
(P<0.05). According to X-ray film observation, after 4 weeks 
of treatment using the low-intensity pulsed ultrasound, the 
fusion in the bone grafting area of observation group was 
good. There was the relatively dense fusion area between 
Table 3
Expression of inflammatory factors IL-1, IL-6 and IL-17 during different stages (mean依sd, pg/mL).
Group Stage IL-1 IL-6 IL-17
Observation group Pre-operation 21.2依4.1 15.6依2.8 15.1依1.9
2 weeks after the operation 40.5依6.8 29.2依5.4 31.6依5.7
4 weeks after the operation  26.4依4.7*  17.2依3.1*  19.3依2.2*
Control group Pre-operation 21.7依3.9 15.4依2.6 15.3依2.0
2 weeks after the operation 51.7依7.2 34.5依5.8 39.4依6.1
4 weeks after the operation 42.1依6.5 30.2依4.3 31.3依3.8
*: There was the statistical significance compared with the control group, P<0.05. 
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the right transverse process and artificial bone. The left 
transverse process had been completely fused, with the 
clear bone trabecula through the fusion area. There was 
no significant fusion sign in the control group. Afterwards, 
we compared the increase in the relative gray-scale and 
mean number of chondrocytes in the fusion area under the 
high-power lens between two groups before and after the 
treatment. Results showed that the number of chondrocytes 
and the increase in the relative gray-scale in the fusion 
area of the iliac observation group were significantly higher 
than ones of the iliac control group (P<0.05). The number of 
chondrocytes and the increase in the relative gray-scale in 
the fusion area of the artificial bone observation group were 
significantly higher than ones of the artificial bone control 
group (P<0.05). It indicated that the bone grafting fusion 
rate of the observation group receiving LIPUS treatment was 
significantly higher than the one of the control group without 
LIPUS treatment. LIPUS treatment could significantly 
increase the number of chondrocytes in the fusion area and 
the lumbar spinal fusion area after the treatment. The reason 
that LIPUS treatment could improve the fusion in the lumbar 
fusion area was that it increased the number of chondrocytes 
and promoted the endochondral ossification. The expression 
of inflammatory factors IL-1, IL-6 and IL-17 4 weeks after 
the treatment of the observation group was significantly 
lower than the one of the control group, with the statistical 
significance (P<0.05). It indicated that the treatment of low-
intensity pulsed ultrasound could reduce the expression 
level of inflammatory factors. 
  In conclusion, the low-intensity pulsed ultrasound can 
significantly increase the bone grafting fusion rate of 
the rabbit’s posterolateral lumbar fusion. The possible 
mechanism to increase the bone grafting fusion rate is 
that it promotes the lumbar posterolateral endochondral 
ossification and reduces the inflammatory reaction. 
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